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Executive Summary

Effectively managing traffic congestion on California’s highway system and minimizing
environmental impacts are high priority objectives for transportation management agencies in
the state of California. Providing single occupant hybrid vehicles (SOHV) access to high
occupancy vehicle (HOV) lane creates a significant incentive for consumers to choose these low
emission vehicles, thus reducing the environmental impact of traffic flow. However, there is an
additional cost with such a policy in the form of increased congestion in the HOV facility and
related regulatory compliance. Federal law mandates that single occupant hybrid vehicles
(SOHV) be prohibited from using HOV lanes if speed performance falls below a minimum
threshold. Specifically, traffic must maintain an average speed of at least 45 mph during 90% of

peak hours over a 180-day period.

This report should be considered as a compliment to a previous report for the phase one of this
project. The project is aimed at determining the impact of removing SOHVs from the HOV lane.
While the previous report covered the identification of study segment and SOHV sticker
detection system, this report provides an analysis of the impact (through simulation studies)
and description of a system architecture to implement a message system to convey to drivers

the access rules to HOV lane.
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1. Project Background

This report has been prepared and submitted to continue the work that was partially completed
as part of Research Technical Agreement (RTA) C809 under master contract 65A0310. The
original contract expired due a delay in processing the request for a no-cost extension. This
report describes the remaining tasks from RTA C809 as well as new tasks that fall within the

scope of this project.
1.1.Introduction

The 1300 miles of High Occupancy Vehicle (HOV) lanes in California are an integral part of
California’s transportation management strategy. Optimum performance of the transportation
system as a whole is the goal of System Management and is the cornerstone of California’s

Transportation Vision 2025 and the Governor’s Strategic Growth Plan.

The State of California legislation initiated a program in 2005 to grant certain electric-gas
hybrid (clean air) vehicles access to the HOV lane without meeting the minimum occupancy
requirement. However, since federal money was used to build most of the HOV network, the

program would need to be approved by the Federal Highway Administration (FHWA).

In April 2006, the Federal Highway Administration (FHWA) granted conditional approval and
required the State to monitor, report and develop a mitigation plan to reduce degradation on
any HOV facility that participates in this program. On June 15, 2007 FHWA requested that
Caltrans submit a plan for improving performance to address degradation or discontinue hybrid

access to congested HOV segments.
The goal of this project is to:

e Assess and design a dynamic HOV lane management system that prohibits eligible

hybrid vehicles in the HOV facility when it is operating under degraded conditions.

e Scope out a plan to conduct a proof of concept demonstration?! for a dynamic HOV lane

management system.

e Assess a potential method to effectively facilitate traffic management decision making.

L A proof of concept is a test of a technology made by building a scaled-down version of an application
which later is intended to be developed and deployed in large scale. In Caltrans 5 stages of research
deployment, proof of concept stage falls within the 1st phase.

11










































































































































3. HOV Lane Management System Design

To meet the legal requirements for HOV lane use by SOHV, California requires a process for:
a) determining if an HOV facility has suffered performance degradation

b) restricting SOHV from using HOV lanes during periods of degraded performance

The proposed solution is a system which uses variable message signs (VMS) to notify
eligible SOHVs when they can and cannot use an HOV facility. SOHV access permission for a
freeway segment would be determined according to an algorithm which gathers
information, such as live sensor data and historical traffic data, and applies logic. The access
status would form part of a message which is subsequently displayed on a VMS. This is an

example of a dynamic lane management system.
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Figure 20: HOV lane control using VMS.

At the highest level, the Dynamic HOV Lane Management System (DHLMS) endeavors to

meet the following objectives:
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e Deliver clear, concise HOV facility access information to drivers in a safe, timely and

effective manner.
e Determine SOHV access status using different sources of available information.
o Be flexible to allow for various VMS types/configurations and different HOV policies.

e Permit operators to monitor the output in real time and change parameters manually.

The use of VMS has proven to be an effective means of delivering information to motorists.
One example is the MITTENS project, which displays estimated freeway and CalTrain travel
times to users. In 2004, CCIT (now merged with PATH) deployed changeable message signs

to freeways in Caltrans District 4 that displayed travel times.

Like the proposed solution for HOV lane management, MITTENS also employs an algorithm
which determines travel time by using available information and internal logic. The design

described in this document is based on the MITTENS architecture.

Figure 21: MITTENS

At this early stage of this project, many aspects of the system remain abstract. The design
described in this document is intended to be flexible and applicable to a variety of use cases
which may be defined later. For example, there are different methods for determining
whether a freeway has degraded performance and SOHV should be barred from the HOV

lanes (these methods are described later). A simple approach would be to prohibit during
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the same hours every day, while a more complex model would use real time loop sensor

data (if available) and historical average speeds to determine access.

The system design permits different algorithms to be used at different times and locations,
just as it employs a message generation process that can be applied to different types of
VMS and configurations. Furthermore, the data model for the system allows for operators to

control its parameters and monitor the system through an interface.
3.1.Scope

The system described in this document is designed to meet the goals described above and is
made up of several components. All of them are described in this document, but not all of
them fall within the purview of the design submitted by PATH. The exact delineation of
internal and external responsibilities is covered later in this document, but, in general, the
goal is to define a system which uses existing infrastructure and devices and adds a data

processing component.

For example, while loop sensors and VMS are important system components, developing a
speed measurement system and designing electronic message signs are not part of this
project. The components of interest from a design perspective are the data model and
algorithms which use an existing speed data feed or historical database to determine SOHV
access and display that information on Variable Message Signs which can be installed on the

roadway.

The design considerations presented vary in specificity. In the case of the data model], it is
fairly rigorous, with entities and relationships defined explicitly. In contrast, the Graphical
User Interface is described in general terms: desired features and user capabilities are

explored, but their implementation is left as a future work.

Overall, this system design seeks to establish high level view of the entire system needed to
control SOHV access to HOV facilities, defining the overall architecture and data structures

while leaving some aspects to be defined when the system design is actually implemented.
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3.2.System Overview
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Figure 22: Operational concept

The diagram above shows the basic operational concept of the DHLMS. The Traffic
Management center (TMC) controls the VMS which display messages to drivers indicating
whether SOHV are permitted in the HOV lane. The HOV lane is equipped with sensors to
measure the speed of traffic, which is transmitted back to the TMC. This is a highly
simplified view; the TMC itself contains several different components which generate the

HOV lane control messages.

The system components can be classified in a few different ways. At the highest level, the
DHLMS is composed of internal and external components. External components refer to
those which are outside of a TMC and exist in the “real” world. Internal components are
those which are part of the computer system running at the TMC. The diagram below shows

the internal components.
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Figure 23: Internal system components. Arrows indicate information flow.

It is also important to identify which components are within the design scope of this project,
i.e. which components are new and must be built and which are presumed to exist already.
The two gray items in Figure 23 are outside this project’s design scope: it is presumed that a
TMC can provide the interface for controlling message signs and can collect data from a

speed sensor system.

Also outside of the design scope are the external components shown in Figure 23. This

leaves the following components (blue components in Figure 23):

e (ore: This component is responsible for generating HOV lane control messages. For
each VMS, it analyzes the access rules for the HOV lane, the time and day, and real
time and historical traffic speed data to determine if SOHV should be allowed in the

HOV lane.

e Database: The database contains all information necessary to control the access to
the HOV lane, including static and dynamic information. The tables and relations are

described later in this document.

e GUI: The graphical user interface allows system operators to monitor and control

the system.



e [nput: This module filters incoming speed data and stores it in the database in a

format which can be used by the Core.
3.3.System Architecture

3.3.1. Core Algorithm

Figure 24: SOHV access determination algorithm for each VMS

The figure above describes the algorithm for determining whether a VMS will display a
message permitting or prohibiting SOHV access to HOV lanes. This algorithm is executed on

each VMS within the system at an update frequency specified by the operator.

For a given VMS, the system analyzes the HOV Policy (this and other terms appearing in
bold refer to data entities which are described in the next section) to determine if the policy
contains an HOV Rule which is currently in effect. Each rule has a Method which describes

which types of available speed data (if any) are used to determine access.

Live speed data is considered the most desirable and is examined first. If the Freeway

Segment is reporting a valid, current speed, then that speed will be used to determine
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Figure 26: Relations Legend

The diagram above shows the data model used in the DHLMS. The entities are described in

the following section.
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